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Agassiz's Desert Tortoise (Gopherus agassizii) and
Morafka’s Desert Tortoise (Gopherus morafkai)

The desert tortoise was selected as a core conservation element for the Sonoran Desert REA because it is an
iconic species of the region that reflects inter-regional variability in dimate, landform, and vegetation. The
tormise is a good indicator of desert condition because the two species are widely distributed across the
ecoregion and, at the same time, sensitive and vulnerable to multiple disturbance factors. REA results
produced maps for current status and future condition of the Two populations (now species) of desert
tortoise.

The desert tortoise inhabits desent environments In the Mojave and Sonoran deserts in southern California,
southern Nevada, Arizona, southwestern Utah, and nomhwestern Mexico. Once recognized as a single
species (Gopherus agassizii) with two recognized populations, it has recently been spiit into two species. The
former Mojave population (Agassiz's desert tonoise) retains the name Gopherus agassizil; it occurs north and
west of the Colorado River. It was listed as threatened in 1990—22 years after listing, the species s still
dedlining, particularly in the western portion of its range in California (Brussard et al. 1954, Doak et al. 1994,
Tracy et al. 2004). The former Sonoran population has been named Morafka’s desert tortoise {Gopherus
morafiai), distinguished from ogassizii by its different habitat, life history traits, and DNA evidence [USGS
2011). Morafia’s desert tortoise occurs east and south of the Colorado River, from Arizona into Mexico.

Agassiz's Desert Tortoise (Gopherus agassizii)

Agassiz's desert tortoise occurs mainly in creosote
bush (Lamea tridentata) Niats, but it is also found on
sloping terrain on alluial fans or focthills. It forages
mostly on annual plants produced by winter rains
The yearly life cycle of the Agassiz's desert tortolse Is
hesly infiuenced by the annual precipitation
pamem in the westem Sonoran (and Mojave)
Desert—precipitation that mainly falls in the winter
snd early spring with little or no summer
precipitation (Van Devender 2006, Dickinson et al.
2006). As a result, most Agassiz’s tortaise activity
takes place in the spring when winter annuals and
spring grasses are readily available (Nagy and Megica.
1985, Bussard et 8l 1994). The species faces the  phots: Agassir's desert tortoise formerly Mojave
prospect of annual summer drought; in the hot  deserstortoise K Nussear, US Geological Survey
summer months and throughout the winter, the

torsaises spend many months of inactivity in burraws in estivation or hibernation without eating or drinking
In years of low winter rainfall, Agassiz's may feed on introduced annual grasses in the absence or scarcity of
winter annuals (Esgue 1994), and the species’ summer hatchlings may not eat fresh forage until the following
spring. While it is known that a diet of invasive grasses will keep tortoises alive, it is unknown if over time
such @ diet will keep them it (Esqug et al. 2006). Because they are at the northem limit of the their range and
because of their distary restraints and restricted access to water, Agassiz’s tortoise may be more ulnerable
to mortality from drought, loss of condition, and other stressors than Morafka's tortoise (Peterson 1996,
Qftedal 2006).
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Management Questions

SONORAN DESERT

A, 50ILS, BIOLOGICAL CRUSTS, AND FORAGE MANAGEMENT

5eq

MG A1,
ME AZ.
ME A3,

‘wWhere are sails susceptable to wind and w ater erozion?
‘wWhere are sensitive sails (including saline, sodic, gupsiferous, shallow ., low w ater holding capacit]?
‘which HMA s and allotments may experience significant effects from change agentsincluding climate change?

B. SURFACE AND GROUNDWATER MANAGEMENT QUESTIONS

MO B
MO BZ.
MO B3,
MO B4
M B5.
MO BE.
MO BT

‘where are latic and lentic surface w aterbodies and livestock and wildlife watering tanks and artificial w ater bodies

‘where are perennial streams and stream reaches?

‘where are the alluvial aquifers and their recharge areas [if known]?

where are the aquatic systems listed on 30.3(d] with degraded w ater quality or low macroinvertebrate diversity?

‘where are surface w ater flows likely ta increase or decrease in the near-term, 2025 [development], and long-term, 2060 (climate change]?
‘what iz the locationddistribution of theze aquatic biodiversity zites?

‘what are zeazonal discharge masima and minima for the Colorada Fiver and major tibutaries at gaging stations ¥

C. ECOLOGICAL SYSTEMS MANAGEMENT QUESTIONS

ME C1.
MECZ.
ME C3.
MO C3

‘Where are existing wegetative communities? - Sonoran Paloverde-Mixed Cacti Desert Scrub [Saguaro)

‘where are vegetative communities vulnerable to change agents in the future ¥ - Sonoran Paloverde-Mized Cacti Desert Scub [Saguara]

‘what change agents have affected evisting vegetation communities? - Sonoran Faloverde-Mined Cacti Desert Scrub [Saguarc] - Histaric Change
‘what change agents have affected existing vegetation communities? - Sonoran Paloverde-Mined Cacti Desert Scrub [Saguarc] - Recent Disturbances

MO .
MO CZ.
ME C3.
ME C3.

‘where are exizting vegetative communities ¥ - Sonoran-Mojave Creozatebush-"white Bursage Desert Serub [Creoszatebush)

‘where are vegetative communities vulnerable to change agents in the future? - Sonoran-Mojave Creosotebush-'white Bursage Desen Scrub [Creosotebush)

‘what change agents have affected existing vegetation communities? - Sonoran-Mojave Crecsatebush-\White Bursage Desert Scrub [Creosotebush] - Histaric Change
‘what change agents have affected existing vegetation communities? - Sonoran-Mojave Crecsatebush-"white Bursage Desernt Scrub [Creozotebush] - Recent Disturbances

MO C1.
MO CZ.

‘wWhere are exizting vegetative communities ¥ - Sonoran Mid-Elevation Dezert Scrub
‘where are vegetative communities wulnerable to change agentz in the future ¥ - Sonaran Mid-Elevation Desert Sorub

MO C3. ‘what change agents have affected existing vegetation communitiesy - Sonaran Mid-Elevation Dezert Scrub - Historic Change

MO C3. ‘What change agents have affected esisting vegetation communities? - Sonoran Mid-Elevation Desert Scrub - Becent Disturbances

MO C1. Where are existing vegetative communities? - Mogollon Chaparral

MO CZ. ‘Where are vegetative communities wvulnerable to change agentsin the future’? - Magollon Chaparral

MO C3. ‘wWhat change agents have affected existing wegetation communities” - Mogallon Chaparral - Histaric Change

MO C3. ‘What change agents have affected evisting vegetation communitiesY - Mogaollon Chaparral - Becent Disturbances

MO C1. ‘Where are existing vegetative communities? - Apacherian-Chihuabuan Mezquite Upland Scrub

MOLCZ. ‘Where are wegetative communities vulnerable to change agentsin the future? - Apacherian-Chihuahuan Mesquite Upland Serub

MO C3, ‘What change agents have affected exristing vegetation communities? - Bpacherian-Chiluahuan Mesquite Upland Sciub - Historic Change

ME C3.

what change agents have affected existing vegetation communities? - Apacherian-Chihuahuan Mezquite Upland Scub - Becent Distutbances

D. SPECIES CONSERVATION ELEMENT MANAGEMENT QUESTIONS

MO 05,
ME D5.
ME D5
ME DT,

‘wihat iz the locationddistribution of terrestrial biodiversity zitez? High Biadiversity Sites
‘what iz the locationldistribution of terrestrial biodiversity sites? High EcologicallCultural Sites
‘what iz the locationldistribution of terrestrial biodiversity sites? Mational Trails

‘where are HAs located?

Mammals

rME 01,

Mountain Lion - What iz the mast current distribution of available ocoupied habitat [and historic ocoupied habitat if available], zeazonal and breeding habitat, and movement corridorz [az applicable)?



Management Questions

Soils and forage management questions

MQA1. Where are soils susceptible to wind and water erosion?

Methods 0 Process Model 0 Conceptual Model 0 Results

MQAZ2. Where are sensitive soils (including saline, sodic, gypsiferous, shallow, low water holding
capacity?
Methods 0 Process Model 0 Conceptual Model 0 Results

MQA3. Which HMAs and allotments may experience significant effects from change agents
including climate change?

Methods 0 Process Model 0 Conceptual Model 0 Results




Management Questions

Species management questions

MQD1. What is the most current distribution and status of available occupied habitat?
MQD7. What sites and movement corridors are vulnerable to change in the near term (2015)
and long-term (2060) horizon?

MQJ3. Where are areas of species conservation elements potential distribution change from
climate change by 20607

Mountain Lion Bell’s Vireo Lowland Leopard Frog
Desert Bighorn Sheep Golden Eagle Desert Tortoise (agassizzi)
Mule Deer Le Conte’s Thrasher Desert Tortoise (morafkai)

Lucy’s Warbler
SW Willow Flycatcher



Conservation Element
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Mountain Lion i % . . B . . . . . . : . . .
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Conceptual

Model

Climate Change

| |
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1 || [ Invasive Plants [« :
|
|
Development & | : v 4 :
Disturbance : »| | Altered Fire Regime  [€— Grazing |!
| S — I_ : Direct Take
Agriculture : ______________________ I
| |
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Urbanization & Roads T > Vehicle Collision
| : |
Energy & Mining | Hunting
I |
Logging |
Lo ____ il
—— 8| Food Availability
<
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Process Model

SOD — Mountain Lion Process Model

MQ D1: Mountain Lion Current Distribution and Status

All files clipped with boundary file called Outline of 5th-level HUC (10-digit) watersheds, Sonoran Desert ecoregion

Distribution

Status
Mountain Lion Distribution in California in the Extract
Sonoran Desert Ecoregion. > . .
(CA GAP Program) HAB-CODE = 1,2 Results: Mountain Lion
Distribution in the Sonoran
Mountain Lion Distribution in Arizona in the Extract Desert Ecoregion USA Intersect Current Mountain
Sonoran Desert Ecoregion. e ! _— >
(AZ GAP Program) GRID-CODE =2

Lion Status
4km Results: Current Terrestrial

Landscape Intactness

Mountain Lion

Puma cancolor

Concept '
Model Proéess
Mogels
: S E S P




Attributes and Indicators — Mountain Lion

Element Attribute

Mountain Lion Prey

Habitat
degradation

Habitat

Habitat
degradation

Indicator

Ungulate
density

Road density

Cover & terrain

Human
development

Mountain Lion
Puma cancolor

Poor

Low

0.6 km/sq km

Very dense or
open cover

High

Fair

Medium

0.4

Moderate

Good
High

0.2

Low

V. Good
Very high

0.0

Rugged terrain
with mixed
cover

No

Citation

Julander and
Jeffrey (1964)

Van Dyke et al.
(1986)

Riley (1998)

Van Dyke et al.
(1986)
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Conceptual Models

T T I
Climate Change Fire Regime

Fire Frequency & <
Severity

‘1

Invasive Plants <— | Grazing

Yy

Development

Precipitation A

8-18 cm per year

Soil Characteristics — Temperature

- Topography Shallow -deep | Depth
I 1
} Coarse-sandy | Texture
Elevation
1
150-1,800m Dry Soil Moisture |«
Animal
Herbivory

Sonora-Mojave Creosotebush-White Bursage
Desert Scrub

\ A 4

Creosotebush

(Larrea tridentata)

|:| Conservation Element



STATSGO Soils for the
Sonoran Desert ecoregion,

USA Combine
{NRCS) Extract
Dissolve

SSURGO/STATSGO Soils: Wind
Erodibility Group for the Sonoran

Desert Ecoregion, USA
(NRCS)

SSURGO/STATSGO Soils:
Available Water Capacity for the

Sonoran Desert Ecoregion, USA
(NRCS)

SSURGO/STATSGO Soils: Hydric
Rating for the Sonoran Desert
Ecoregion, USA (NRCS)

SSURGO Soils forthe
Sonoran Desert ecoregion,

USA
(NRCS)

Input Layers

Intermediate Layers

Final Results

GIS Operation Commands

SSURGO/STATSGO Soils: Calcium
Carbonate for the Sonoran Desert

Ecoregion, USA
(NRCS)

SSURGO/STATSGO Soils: Sodium
Absorption Ratio for the Sonoran
Desert Ecoregion, USA (NRCS)

SSURGO/STATSGO Soils: Gypsum
forthe Sonoran Desert Ecoregion,
USA (NRCS)

Reselect

SSURGO/STATSGO Soils
Minimum Bedrock Depth for the
Sonoran Desert Ecoregion, USA

(NRCS

SSURGO/STATSGO Soils: Seil pH
forthe Sonoran Desert Ecoregion,
USA (NRCS)

Reselect

Process Models

Results: High Risk of Wind
Erodibility inthe Sonoran Desert
ecoregion, USA

" (NRCS)

Results: Droughty Soils of the
Sonoran Desert Ecoregion, USA
(NRCS)

Results: Hydric Seils of the Sonoran
Desert Ecoregion, USA

" (NRCS)

Results: High Salinity Soils of the
Sonoran Desert Ecoregion, USA

~ (NRCS)
Results: Salty Soils of the Sonoran
Desert Ecoregion, USA
T NRey)

Results: Gypsiferous Soils of the
Sonoran Desert Ecoregion, USA
- (NRCS) .

Results: Shallow Soils of the
Sonoran Desert Ecoregion, USA

"~ (NRCS)
Results: Acid Soils of the Sonoran
Desert Ecoregion, USA

(NRCS)

Union
——

Highly sensitive soils in
the Sonoran Desert
Ecoregion, USA



Logic Models

Terrestrial

Intactness Landscape
Results Intactness
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Fuzzy Logic
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continuum
based on
known
ecological
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Truth
continuum
based on
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0 24.5

Road Density



Thresholds for Terrestrial

Landscape Intactness

Item Data Type Data Range  True Threshold False
Threshold
Fire Regime Percent Area 0-100 7 100
Invasive Grasses & Tamarisk Percent Area 0-88 0 33
Linear Development Density 0-18 0 2.5
Urban Percent Percent Area 0-99 0 15
Agriculture Percent Percent Area 0-90 0 20
Energy & Mining Development Number 0-37 0 1.25
Number of Patches Number 1-1,455 0 850
Mean Nearest Neighbor Distance 60-272 59 180
Percent Natural Core Area Percent Area .56-95 100 20




Thresholds for Terrestrial
Landscape Intactness

-

Snap breaks to data
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Cancel
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Classification Classification Statistics
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Thresholds for Terrestrial
Landscape Intactness

| Classification ¥ P
Classification Classification Statistics
Method: INamraI Breaks (Jenks) "I Count: 118, =
Classes: 4 - Minimum: 0.0
= Maximurn: 90, =
Data Exdusion Sum: 70477
Exdlusion ... Sampling ... Mean: 3!
Median: L
4 1L 3
Columns: 100 | [ show Std. Dev. [ show Mean
Break Values lﬂ
5000 w = = =5
ﬁ = % % 5.85
= 17.81
4000 n
90,25
3000+
2000+
1000+
Fi [Tl 3
0 oK

I I I
0.00 2256 4513 67.69 90.25 ‘—J

Snap breaks to data values Cancel




Terrestrial Landscape
Intactness Value Ranges

Intactness Value Legend
-1.000 to -0.750 Very Low
-0.750 to -0.500 Low
-0.500 to 0.000 Moderately Low
0.000 to 0.500 Moderately High
0.500 to 0.750 High

0.750 to 1.000 Very High




Habitat Fragmentation - FRAGSTATS

4km and HUC

[ 1Matural Vegetation
B Invasive Vegetation
B Other (Developed / Agnculture / Water)




Califownia

25 |

Low
Natural Habitat
Fragmentation

Min (Fuzzy OR @@)L

High Core
Integrity

Average
(Fuzzy Union)

Low Number High Percent Low
of Natural IMean Nearest




Fire Modeling
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Climate Change Modeling

RegCM3 -15km

Downscale &
Reproject

Variable examined

* Annual average temperature RegCM3 -4km

* Average annual total precipitation

* Seasonal average temperature and
precipitation totals (winter, spring,
summer, fall)

@ Create PRISM historic baseline

PRISM | ——— RegCM3

Calculate anomalies (differences) between
historic and future time periods for ECHAMS

for each variable

- Results

Boundary conditions

Model time periods

NCEP - Records Historic (1968-1999) Only
National Weather Service . .
Historic (1968-1999)
ECHAMS-GCM | | 20152030
1 2045-2060
— Hamburg, Germany
Historic (1968-1999)
GFDL - G6ctm 2045-2060
Princeton, USA
Historic (1968-1999)
GENMOM - Gcm 2015-2030
- 2045-2060

Oregon State, USA

Compare historic results to PRISM

GCM-driven results showed historic
conditions to be much wetter than PRISM

Difference RegCM3 — ECHAMS

@ Add or multiply differences to PRISM historic baseline

Climate Projections RegCM3 — ECHAMS

Feed future climate projections into
MAPSS

MAPSS — Mapped Atmosphere-Plant-Soil System

Generate results for historic and predicted future condition
@ for Leaf Area Index (LAl), Potential Evapotranspiration (PET),

Potential Natural Vegetation, and Runoff

Assemble results in climate change
logic model



Climate Change Modeling

Final
Results Potential for

Climate Change

Intermediate

Potential for

Potential for

Summer Temp Winter Temp
Change Change
Normalized Normalized
Summer Winter
Temperature Temperature
Change Change

Precipitation
Relative
Change

Precipitation
Change Ratio

Results .
L Key Maximum OR
Source Fuzzy
Inputs Potential for Temp Potential for
& Hydro Vegetation
Source Change Change
Inputs
P P Average
(Fuzzy Union) -
Vegetation
Change from
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Distribution and Status

Species CEs Total Percent of Ecoregion

Distribution

Area
Bell's Vireo (Vireo bellii and Vireo bellii pusillus) 2,821,371 8.08%
Desert Bighorn Sheep (Ovis canadensis nelsoni) 7,862,801 22.52%
Desert tortoise (Gopherus agassizii) 3,180,566 9.11%
Desert tortoise (Gopherus morafkai) 6,950,996 19.91%
Golden Eagle (Aquila chrysaetos) 17,257,325 49.42%
Le Conte's Thrasher (Toxostoma lecontei) 9,771,582 27.99%
Lowland Leopard Frog (Lithobates yavapaiensis 678,014 1.2%
Lucy's Warbler (Oreothlypis luciae) 13,753,047 39.39%
Mountain Lion (Puma concolor) 13,893,442 39.79%
Mule Deer (Odocoileus hemionus) 26,845,687 76.89%
SW Willow Flycatcher (Empidonax traillii extimus) 139,328 0.40%



Current Terrestrial Intactness
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Current Aquatic Intactness
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Mountain Lion
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Mountain Lion
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Desert Tortoise (agassizii
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Lucy’s Warbler
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Bell’s Vireo
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Distribution and Status
Vegetation Communities

Sonora-Mojave Creosotebush-White Bursage Desert Scrub

|
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«Prasot

Sonoran Paloverde-Mixed Cacti Desert Scrub

»Flagstafi

Current Distribution
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Bl LANDFIRE EVT and MatureServe Landcover
I MatureServe Landcover

Current Distribution
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NatureServe LANDFIRE Percent
Vegetation Community Only Only Both Overlap
Sonora-Mojave Creosotebush-White Bursage Desert Scrub 5,361,364 1,417,474 4,823,357 41.6
Sonoran Paloverde-Mixed Cacti Desert Scrub 1,796,793 5,332,340 7,373,363 50.84
Riparian Vegetation 1,599,887




Status of Vegetation Communities

[ Historic Conversion

J Recent Disturbance

d Current Setting




EVT versus BsP

Sonora-Mojave Creosotebush-White Bursage Desert Scrub

+Flagstaf

Sonoran Paloverde-Mixed Cacti Desert Scrub

[]Current Distribution (EVT)
Bl His toric Distribution [BpS)

[ ]Curment Distribution (EVT)
I Historic Distribution (BpS)




Sonora-Mojave Creosotebush-White Bursage Desert Scrub

[ His toric Distribution
Change Agent

[ agriculture

Il Cevelopment

B Inv ssive Vegetation
DUnma{suE«istic,Na'tive Vegetation

Historic Disturbance

[IHistorc Distribution
Historic Change Agents
[1Agriculture

I Development

B | nvasive Vegetation

I Unchamacerigtic Mative Ve getation

3 i
Mies =5 r




Recent Disturbance

Sonora-Mojave Creosotebush-White Bursage Desert Scrub

Sonoran Paloverde-Mixed Cacti Desert Scrub

[ Historic Distribution
Disturbance Type
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[ Historic Distribution
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Historic Disturbance

Total Urban & Unchar Total
Vegetation Community BpS Area Roads Agriculture Invasives Native Veg Changed Percent
Sonora-Mojave Creosotebush-White 7,857,699 429,263 432,831 2,909,387 273,834 4,045,315 51.48%
Bursage Desert Scrub
Sonoran Paloverde-Mixed Cacti Desert 15,730,037 1,255,201 672,008 2,345,345 429,066 4,701,621 29.89%
Scrub
Totals 23,587,737 1,684,464 1,104,839 5,254,733 702,900 8,746,936 37.08%




Recent Disturbance

Total BpS Area Total
Vegetation Community Fire Mechanical Other Disturbed Percent
Sonora-Mojave Creosotebush-White 7,857,699 85,434 80 85,514 1.09%
Bursage Desert Scrub
Sonoran Paloverde-Mixed Cacti Desert 15,730,037 212,197 18 212,216 1.35%
Scrub
Totals 23,587,737 297,631 98 297,730 1.26%




Current Setting

Sonora-Mojave Creosotebush-White Bursage Desert Scrub - LANDFIRE
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Current Setting

Sonoran Paloverde-Mixed Cacti Desert Scrub - LANDFIRE
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Designated Lands

Designation

0 Wilderness Area
Wilderness Study Area

I National Park
National Monument
National Conservation Area
National Recreation Area
National Wildlife Refuge
Area of Critical Environmental Concern
Special Management Area
State Park
State Wildiife Management Area
Roadless Area

I Other Protected Lands

— National Historic and Scenic Trail
Wild and Scenic River




Current Terrestrial Intactness
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Designated Lands

Designation Category \I-l:grz High ModHei;:;\‘tely Mocli-zl"lz;tely Low Very Low To(ga(!;::)e a
Wilderness Area 1,812,561 1,632,927 1,011,143 451,464 55,862 21,933 4,985,891
Wilderness Study Area 0 0 6,620 55,984 2,525 2,272 67,401
National Park 19,819 83,040 42,873 14,441 7,178 6,979 174,330
National Monument 127,785 148,652 158,627 68,922 24,265 6,305 534,556
National Conservation Area 0 6,779 21,819 7,638 95 0 36,331
National Wildlife Refuge 91,295 95,602 51,145 61,499 39,637 31,834 371,011
é;ii;’:ncritica' Conservation 257,951 409,293 503,740 174,291 95,838 41,669 1,482,783
State Park 1,151 35,434 152,845 212,951 126,418 105,968 634,768
State Wildlife Management Area 1,202 288 4,250 3,126 4 4,819 13,689
Roadless Area 11,564 32,957 65,350 5,908 2,526 0 118,306
Other Protected Lands 71,122 153,511 177,174 243,082 43,660 97,114 785,663
Totals 2,394,451 2,598,484 2,195,588 1,299,307 398,008 318,893 9,204,730

Designation Category \I-IIT;: High ModHei;tely Mocli-:z;tely Low Very Low Tc::::;::;!a
National Historic and Scenic Trail 28 97 179 160 69 282 815
Wild and Scenic River 0 1 6 0 2 0 9
Totals 28 99 185 160 71 282 823




Designated Lands
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Terrestrial Connectivity
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Change Agent - Current Invasives
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Change Agent - Current Invasives

B Current Predicted Distribution
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I Fire Regime Groups 1& 2




Change Agents - Fire

I Both Natural and Human Fire Occurrences
I Human Fire Occurrences
I Natural Fire Occurrences
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Change Agent — Current Development
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Change Agent — Current Development

e |
2 _fl "‘ i~ +Flagstaff

High Landscape Development
I very High
Il High
9 Moderately High
Moderately Low
Low
“Very Low




	SOD_Final_Review_Part_1
	SOD_Final_Review_Part_2

